Abstract-Possible mechanisms of the inhibitory actions of sodium nitroprusside (NaNP) on histamine-induced contractile responses of isolated rabbit aorta, basilar artery and taenia coil were studied. NaNP (3x10-6 M) reduced maximum contractile response to histamine in the aorta, whereas a concentration (10-4 M) of NaNP slightly shifted the concentration-response curve for histamine towards its higher concentrations, but did not influence the maximum response in the basilar artery and taenia coll. The reduction in the maximum response of the aorta by NaNP was re versed by removal of the endothelium, or treatment with indomethacin (5 x 10-6 M) or quinacrine (5x10-6 M), but not by nordihydroguaiaretic acid (NDGA) (5x10-5 M). Prostaglandin (PG) E1, PGE2 and PG12 produced a relaxation in histamine-contracted basilar artery and taenia coil, whereas PGE, and PGE2 produced a weak relaxation in histamine-contracted aorta. PGD2 relaxed taenia coli contracted by histamine, but had no influences in aorta and basilar artery.
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From these results, it is concluded that the inhibitory action of NaNP on histamine-induced contractile response in isolated rabbit aorta may be mediated at least partly by endothelium-derived arachidonic acid metabolite (s) via the cyclooxygenase pathway which must not involve PG12. Furthermore, the difference in the inhibitory actions of NaNP between the tissues used in this study must be attributed to the absence of such mechanisms both in the basilar artery and taenia coll.
Several nitro-compounds as well as nitro glycerin are known to be preferentially active in some kinds of vascular smooth muscles when compared with other types of smooth muscles (e.g., intestinal smooth muscle) (1, 2). Sodium nitroprusside (NaNP) also preferentially relaxes vascular smooth muscles when compared with the other types of smooth muscles and is available for the treatment of malignant hypertension and hypertensive emergency (3). We already reported that NaNP produced a potent inhibitory action on histamine-induced con tractile responses of isolated rabbit aorta, whereas it produced only slight inhibitory actions on those of the basilar artery and taenia coil (4). On the other hand, it is reported that the relaxing actions of arachidonic acid (5), bradykinin (6), acetyl choline (7) and others (8, 9) in isolated rabbit aorta are mediated by the endothelium derived substance(s) which appear(s) to be noncyclooxygenase metabolite(s). The reasons for the differential inhibitory actions of nitro-compounds between vascular and nonvascular tissues are not yet sufficiently clear. Furthermore, there is some opposing evidence that the relaxing action of nitro glycerin in rat vascular tissue is mediated by prostacyclin (10) and that in rabbit aorta, it is not mediated by prostacyclin (11). Thus, the mechanism of the action of nitroglycerin appears to be different among the various types of vascular smooth muscles or the species.
In the present study, we examined whether 
Materials and Methods
Male albino rabbits weighing 2-3 kg were stunned by a blow on the head and exsangui nated. Thoracic aorta, basilar artery and taenia coil were quickly removed and cleaned of surrounding tissues. The segments of aorta and basilar artery were cut into helical strips of approximately 30 mm and 10 mm in length and 3 mm and 1 mm in width, respectively. In some of the experiments, ring preparations of basilar artery were used. In the experiments to examine the influence of removal of the endothelium, aortic endo thelium was removed by scraping gently the intimal surface three to four times using a razor blade after the aorta was cut helically. To confirm that the endothelium was removed by such a procedure, the intimal surface of the aorta was examined microscopically en face after application of a hematoxilin-eosin staining method. The preparations to study the contractile response to histamine were suspended in a glass organ bath filled with 20 ml of Krebs buffer solution kept at 32'C and gassed with a mixture of 95% 02 and 5% CO2. The composition of Krebs buffer solution was as follows (mM): NaCI 118; KCI, 4.5; CaC12, 2.5; MgSO4, 1.0; NaH2PO4, 1.0; NaHCO3, 25.0; and glucose, 6.0. The contractile responses were measured iso tonically in the aorta and taenia coli under a 0.5 g load and isometrically in the basilar artery under 0.25 g of resting tension using a force displacement transducer (Nihon Koden, TB-612T) connected to a 4 channel poly graph (Nihon Koden, RM-6100).
After the 1 hr equilibration period, the concentration response curves were established by the cumulative addition of histamine in the absence or presence of inhibitors of arachidonic acid (AA) metabolism. Pre incubation time of quinacrine and indo methacin was 40 min and that of nor dihydroguaiaretic acid (NDGA) was 20 min. NaN P was added 5 min prior to the addition of histamine.
Drugs used were as follows: sodium nitroprusside (Kanto Kagaku); histamine dihydrochloride (Wako Junyaku); quinacrine hydrochloride (Nakarai Kagaku); indo methacin (Sigma), and PG D2, PG E1 , PG E2 and PG12 (Funakoshi). Indomethacin and NDGA were dissolved in ethanol (final bath concentration was 0.1-0.5%), and the others were dissolved in distilled water. PGs were stored at -40'C as 2 x 10-4 M solutions and diluted with distilled water just before use. Ethanol at the final bath concentration of 0.5% was confirmed not to affect the histamine-induced responses. Each value was presented as the mean±standard error, and statistical significance was evaluated by Student's t-test.
Results
NaNP at the concentration of 10-4 M caused only a slight rightward shift of con centration-response curves for histamine in the basilar artery and taenia coil without the reduction of maximum response, whereas at the concentration of 3x10-5 M, it markedly reduced maximum response, accompanied by a slight rightward shift of the concen tration-response curve for histamine in the aorta (Fig. 1 A, B, C) . Then, the influence of removing the aortic endothelium and that of the inhibitors of AA metabolism to the inhibitory actions of NaNP were compared in the aorta and basilar artery.
Influence of removal of endothelium and AA metabolism inhibitors on the inhibitory actions of NaNP on histamine-induced con tractile responses in isolated aorta: The inhibitory action of NaNP on histamine induced contractile response in aorta without and with endothelium are indicated in Figs. 1 and 2. NaNP-induced reduction of the maximum response (9.4±3.6%, N=6) in the aorta without endothelium ( Fig. 2A ) was significantly smaller than that (47.6±6.1%, N=6) in the aorta with endothelium ( Fig.  1A) (P<0.01) .
However, the component of NaNP-induced inhibition to shift rightward the concentration-response curve for hista mine in the intact aorta still remained even in the aorta without endothelium.
Schild plot analysis for the component of NaNP (10-7 3X10-6 M)-induced rightward shift of the concentration-response curve resulted in the slope value of 0.75±0.07, which is sig nificantly different from unity. The maximum response of the histamine-induced con tractile response in the intact aorta sig nificantly augmented by 11.1 ±0.4% (P<0.01) after a 40 min treatment with indomethacin (5x10-6 M). In the intact aorta, NaNP-induced reduction of maximum response was 13.0±3.2% after the 40 min treatment with indomethacin (5x10-6 M). This reduction was significantly smaller than that in the absence of indomethacin (P<0.01 ) (Fig. 2B) . A 40 min pretreatment with quinacrine (5 x 10-6 M) resulted in similar influence as that with indomethacin (Fig.  2C) . The maximum response of the histamine induced contractile response in the intact aorta was significantly augmented by 11.3±0.6% (P< 0.01) after the treatment with quinacrine. NaNP-induced reduction of the maximum response was 9.0±5.5% after the treatment with quinacrine. This reduction was significantly smaller than that in the absence of quinacrine (Fig. 2C) . The component of NaNP-induced inhibition to shift rightward the concentration-response curve for hista mine also still remained even when the preparation was pretreated with indomethacin or quinacrine (Fig. 2B, C) . NDGA did not have any significant influence on both hista mine-induced contractile response and in hibition by NaNP (Fig. 2D) . The actions of ACh both in intact and in deendothelial aorta were checked periodically. ACh (10-8-10-6 M) caused a relaxation in the intact aorta, but not in the aorta without endothelium precontracted by histamine (data not shown).
Influence of AA metabolism inhibitors on the inhibitory actions of NaNP on histamine induced contractile responses in isolated basilar artery: Inhibitory actions of NaNP on histamine-induced contractile responses in the absence (Fig. 1 B) and the presence (Fig.  3 A, B , C) of indomethacin (5 X 10-6 M), quinacrine (5X10-7 M) and NDGA (10-6 M) were compared with each other. These AA metabolism inhibitors did not affect histamine-induced contractile responses of basilar arteries. The inhibitory actions of NaN P in the presence of all of the AA metabolism inhibitors used were not sig nificantly different as compared with those in the absence of these inhibitors. The inhibitory actions of NaNP in the ring preparation of basilar artery were not significantly different from that in the spirally-cut preparation (Fig.  3D) . Relaxing actions of PGs in isolated aorta, basilar artery and taenia coli precontracted by histamine: In the aorta, PGE1 and PGE2 produced partial relaxations, whereas PGD2 and PG12 showed no relaxations (Fig. 4  A, B, C, D) . Maximum relaxations were 32.5±3.8% (N=6) for PGE1 and 24.2±4.7% (N=6) for PGE2.
In basilar artery, PGE1 and PG12 produced a strong relaxation, whereas PGE2 produced only a slight relaxation (Fig. 5 A, B, C, D) . Maximum relaxations were 89.6±8.0% (N=6) for PGE1, 29.6±5.2% (N=6) for PGE2 and 
Discussion
In the present study, it was clearly demon strated that NaNP selectively inhibited the histamine-induced maximum contractile re sponse of isolated rabbit aorta when com pared with the basilar artery and taenia coll. In addition, the fact that NaNP-induced inhibition of the maximum response to histamine in the intact aorta markedly decreased by removal of endothelium indi cates that NaNP might exert its inhibitory action via an endothelium derived inhibitory substance(s).
Although NaNP shifted the concentration-response curve for histamine in the aorta without endothelium, it is con sidered that this effect of NaNP is not due to the antihistaminic action but due to the apparent functional antagonism of which the mechanism is yet unknown, since Schild plot analysis for the component of NaNP (10-7 3x10-6 M)-induced rightward shift of the concentration-response curve resulted in a slope value which was significantly different from unity. The endothelium dependent inhibitory actions of NaNP in the intact aorta were markedly reduced by pretreatment with quinacrine, a phospholipase A2 inhibitor, or with indomethacin, a cyclooxygenase in hibitor, whereas they were little affected by NDGA, a lipoxygenase inhibitor. These results suggest that NaNP might exert its inhibitory action through a cyclooxygenase me tabolite(s).
Recently, the mechanism of the action of AA, bradykinin, acetylcholine and others which are known to relax precon tracted vascular smooth muscles has been studied extensively by several investigators (6, 7, 8, (12) (13) (14) (15) (16) .
It was found that these compounds exert the relaxing actions via an endothelium derived AA metabolite(s) which might not be a cyclooxygenase product(s). Singer and Peach (5) reported that the relaxing action of exogenous AA in rabbit aorta precontracted by phenylephrine might be mediated by an endothelium-dependent, noncyclooxygenase product(s). The differ ence between the results of our present study and those of Singer et al. suggest multiple roles for the endothelium of blood vessels. In their report, they also described that AA-induced contraction of rabbit aorta was mediated by cyclooxygenase products, which were derived largely from the vascular endothelium in intact aorta.
From their results, it is suspected that the metabolic pathway mediating an initiation of AA induced contraction might be different from that mediating AA-induced relaxation. Similarly, it is also considered that the substance(s) mediating the initiation of the contraction observed throughout the present study might be different from that maintaining the tonus of smooth muscles. From these points of view, NaNP may release a sub stance(s) that is able to inhibit the initiation of histamine-induced contraction in a direct or an indirect manner. It is also inferred that NaNP may potentiate the action of this (these) substance(s).
The substance(s), if any, released from aortic endothelium by NaNP that is capable of inhibiting the histamine-induced contraction must be neither PG12 nor PGD2, because these PGs did not relax the histamine-contracted aorta as described by Furchgott (11). Since PGE1 and PGE2 caused a slight relaxation, these PGs may possibly participate in the action of NaNP in the intact aorta. Because all of the PGs except for PGD2 are in the basilar artery and taenia coli, it is considered that these active PGs may be capable of modulating the tonus of these smooth muscles. Furthermore, it is concluded that the difference in the inhibitory actions of NaNP between the tissues used in this study must be attributed to the absence of such mechanisms both in basilar artery and taenia coll.
